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Abstract 
Electricity generated by solar energy has been widely applied worldwide; there is a great tendency for 
the use of stand-alone photovoltaic stations distributed in remote areas due to the known benefits of this 
source of energy. In Iraq there are other reasons why the use of solar energy so necessary, firstly, 
appropriate climatic conditions, secondly, delayed electricity supply projects for remote areas. 
This paper presents the development of a visual basic-based software package that design a stand-
alone photovoltaic system, the developed software offers a friendly Graphic User Interface tool to size the 
system components according to the load requirements and site-specification. The results of the design for 
the case study are quite in agreement with the analytical method, thus validating the accuracy and 
precision of the tool. 
The final outcome of this paper is to prepare a design tool that can be used by those who do not have 
any engineering or technical background which helps to accept the idea of using solar energy by residents 
of remote areas. 
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1. Introduction  
Photovoltaic (PV) system is one of the most widely used renewable energy systems. Photovoltaic is the 
direct conversion of sunlight to electricity. It is safe, silent, and non-polluting, renewable, highly modular 
in that their capacity can be increased incrementally to match with gradual load growth, reliable with 
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minimal failure rates and projected service lifetimes of more than 20 years [1]. Also photovoltaic system 
requires no special training to operate; it contains no moving parts, it is extremely reliable and virtually 
maintenance free; and it can be installed almost anywhere.  
The photovoltaic systems could be classified into: grid-connected systems and stand-alone systems. 
Grid-connected systems work to supplement existing electric service from a utility company. When the 
amount of energy generated by a grid-connected PV system exceeds the customer’s loads, excess energy 
is exported to the utility, turning the customer’s electric meter backward. Conversely, the customer can 
draw needed power from the utility when energy from the PV system is insufficient to power the 
building’s loads. Under this arrangement, the customer’s monthly electric utility bill reflects only the net 
amount of energy received from the electric utility [2]. Stand-alone or off-grid systems are the sole source 
of power to a home, water pump or other load.   
Many websites and software packages proposed a procedure to design stand-alone photovoltaic 
systems [3], [4], [5] and [6]. The idea of this paper is to develop an easy and friendly tool used to design a 
stand-alone photovoltaic system; this tool is formulated as an executable Visual Basic-based Graphic 
User Interface package.  
2. Stand-alone photovoltaic power systems 
The stand-alone power system is used primarily in remote areas where utility lines are uneconomical 
to install due to the terrain, right-of-way difficulties, or environmental concerns. In PV stand-alone 
system, PV array supplies power to the load and charges the battery when there is sunlight; the battery 
powers the load otherwise [1]. Typical stand-alone PV system consists of the following items: 
2.1 Photovoltaic cells 
They convert sunlight into electricity, PV cells are connected together to form larger units called 
modules which can be connected to form even larger units called arrays. These arrays are connected in 
parallel and series to meet the required electricity demand. Several types of commercially-available 
terrestrial modules are available for use in PV systems. The most common PV modules include single- 
and polycrystalline silicon and amorphous silicon with other technologies entering the market [7]. 
2.2 Battery storage system 
The battery stores electricity for use at night, cloudy period (autonomy) or for meeting loads during 
the day when the modules are not generating sufficient power to meet load requirements. To provide 
electricity over long periods, PV systems require deep-cycle batteries. These batteries, usually lead-acid, 
are designed to gradually discharge and recharge 80% of their capacity hundreds of times. Automotive 
batteries are shallow-cycle batteries and should not be used in PV systems because they are designed to 
discharge only about 20% of their capacity [8]. 
2.3  Inverter 
Storage batteries store Direct Current (DC) and have a low voltage output. Virtually, all appliances 
operate on Alternating Current (AC) and work on 220 volt, 50 Hz. An inverter is a device that converts 
the DC voltage into household AC electricity. Inverters are often categorized according to the type of 
waveform produced; 1) square wave, 2) modified sine wave, and 3) sine wave. The output waveform 
depends on the conversion method and the filtering used on the output waveform to eliminate spikes and 
unwanted frequencies that result when the switching occurs. Square wave inverters have high harmonic 
frequency content and little output voltage regulation. They are suitable for resistive loads and 
 Mohammed Moanes E. Ali and Sameer K. Salih /  Energy Procedia  36 ( 2013 )  1255 – 1264 1257
incandescent lamps. Modified sine wave inverters offer improved voltage regulation by varying the 
duration of the pulse width in their output.  This type of inverter can be used to operate a wider variety of 
loads including lights, electronic equipment, and most motors. However, these inverters will not operate a 
motor as efficiently as a sine wave inverter because the energy in the additional harmonics is dissipated in 
the motor windings. Sine wave inverters produce an AC waveform as good as that from most electric 
utilities. They can operate any AC appliance or motor within their power rating. The efficiency of all 
inverters reaches their nominal efficiency (around 90 percent) when the load demand is greater than about 
50 percent of rated load [9]. 
2.4 Charge controller 
The main purpose of a charge controller is to prevent the battery from being under- or overcharged. 
Charge controllers may be one of the following configurations: 
x Shunt regulator: They are typically solid-state; their primary components are a transistor between the 
array positive and negative lines, and a blocking diode between the battery positive and the array 
positive. During normal charging, current flows from the array to the battery. When the battery 
voltage reaches the array disconnect setting, the transistor is activated, shorting the array. The battery 
is prevented from being shorted by the blocking diode. The blocking diode also prevents the current 
from flowing back into the PV array from the battery during nighttime. When the battery voltage 
falls to the array reconnect setting, the transistor is released and the current then flows to the battery 
again. 
x Series regulator: The basic series regulator consists of a relay between the battery and the array. 
When the battery voltage reaches the array-disconnect setting, the relay is opened, disconnecting the 
flow of current to the battery. The PV array becomes open-circuited. When the battery voltage falls 
to the array-reconnect setting, the relay is closed, allowing the current to flow to the battery again. 
x Pulse Width modulated (PWM) Regulators: It is a variation on the series regulator. The PWM 
regulator is a series regulator with a solid-state switch instead of a relay. The flow of current from the 
array to the battery can be switched at high frequencies (from a few Hz to kHz), then the battery 
charge voltage can be controlled more accurately. Instead of varying the voltage to control battery 
charging, the PWM regulator varies the amount of the time the solid-state switch is open or closed by 
modulating the width of the pulse. 
x The maximum power point tracker (MPPT) charge controller: It adjusts the PWM to allow the PV 
array voltage to vary from the battery voltage. By varying the array input voltage (while maintaining 
the battery charge voltage), the maximum output from the PV array can be achieved. The MPPT 
charge controller is relatively new and has many advantages over other charge regulators. In addition 
to getting more charge current from the PV array, some MPPT controllers allow the array to operate 
at a much higher voltage than the battery. This feature can be useful to reduce wire size and voltage 
drop from the PV array to the controller. Although the MPPT controller can increase the output from 
the PV array, they typically have greater losses than the other controller types [7]. 
2.5 Balance-of-System Equipment 
In addition to the above mentioned points, the PV system includes all or part of the following 
equipment: wires, a grounding system, fuses, safety disconnects, metal structures for supporting the 
modules, Power factor correction system, blocking-diodes which protect the components from getting 
damaged by the flow back of electricity from the battery, Bypass diodes which connected across several 
cells to limit the power dissipated in shaded cells by providing a low resistance path for the module 
current, and Additional devices that used to ensure proper operation such as, monitoring and metering [1]. 
Figure 1 show a layout of stand-alone PV system. 














Figure (1) PV stand-alone power system layout 
3. Outline of Design Methodology 
The purpose, of design a stand-alone PV systems, is preparing a procedures to size the components of 
the system according to electrical load requirements and the specification of the local area. These 
procedures may be extended to evaluate the performance and estimate the cost of the systems. The 
preliminary information required to design a stand-alone PV system includes the following aspects: 
3.1 PV module orientation and tilt angle 
Sun rises from the east and sets in the west each day, also the path of the sun across the sky changes 
with the seasons of the year. For fixed PV array, typically the array needs to be oriented to face south in 
the Northern hemisphere and north in the Southern hemisphere. Optimum PV array annual output can be 
achieved using a tilt angle approximately equal to a site’s latitude. A sun-tracking design of PV array can 
increase the energy yield up to 40% over the year compared to the fixed-array design. There are two types 
of sun trackers: 
x One-axis tracker: which follows the sun from east to west during the day. 
x Two-axis tracker: which follows the sun from east to west during the day also follows the seasonal 
sun’s position. In summer, PV array have to be tilted 15o less than the latitude. In winter, PV array 
have to be tilted 15o greater than the latitude [10]. 
 
3.2 Electrical load requirement 
One of the most critical factors in properly sizing a stand-alone PV system is properly determining 
the load. If the actual load is greater than the estimated load used for sizing, the system will be under-
designed. If the actual load is smaller, the system may be over-designed. The system’s load is expressed 
and calculated in a tabular form, all loads expected during a 24 hours period are tabulated along with their 
anticipated durations. Total energy consumed by the load is equal to the summation of energies of all 
loads. 
Certain loads require a constant power, thus the required current rises as the battery voltage falls. For 
the typically long-rate discharges of PV applications, the battery’s voltage remains relatively constant 
until near the end of discharge (EOD); therefore, the rating current may be approximated as the current 
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required at 95% of the system voltage. For certain loads, it is necessary to consider both the starting and 
running current components of the load. For example, if an electric motor starts during the duty cycle, 
both the starting (momentary) current and running current need to be considered [7] and [11]. 
3.3 Autonomy days 
The number of days of autonomy is based on several considerations, including the following: 
x  Maximum number of consecutive cloudy weather days expected in local area. 
x System application, critical load applications generally require more autonomy than noncritical 
applications. 
 
3.4 peak sun hours 
In general, the length of a day varies throughout the year, and depends upon latitude. This variation is 
caused by the tilt of the Earth's axis of rotation with respect to the ecliptic plane of the earth around the sun. 
Minimum sun hours occur about December 20–22, these value have to be used for sizing the battery of 
the solar array to ensure continuity of the load during the night [6]. 
3.5 Temperature effect 
Variation of temperature effect on behavior of both of PV array and batteries, the details is as follow.  
PV modules temperatures may vary from −40°C to 80°C, depending on ambient temperature. Module 
operating temperature is important because all PV-module types exhibit reduced voltage and power at 
elevated module temperatures. Photovoltaic-module voltage and power temperature coefficients may 
range from −0.1% / °C to −0.6% / °C, depending on the specific module and module material. A negative 
value indicates the output will decrease at higher temperatures [7]. Sizing of the PV systems is based on 
the worst-case solar radiation, which is happened during winter, so there is no need to take the warm-
temperature effect on the operation of the PV modules. 
On the other hand, the capacity of a battery is affected by its operating temperature. Cell capacity 
ratings are generally standardized at 25 °C. The battery’s capacity increases for temperatures above and 
decreases for temperatures below that used for the battery’s capacity rating. When sizing a battery, its 
capacity is rarely adjusted for warm-temperature operation, but adjustments should be made for cold-
temperature applications. Refer to the battery manufacturer’s literature for temperature correction factors 
[11]. 
4. Sizing of PV Power System 
4.1 Sizing of PV array 
The sizing is based on a combination of worst-case solar radiation and load consumption. Energy 
consumption by the load can be evaluated by listing all the electrical appliances of that load with their 
power ratings and runtime per day. Daily energy consumption E in (Wh/day) is calculated using equation 
(1), 
E=σ ݌݋ݓ݁ݎ݋݂݄݁ܽܿܽ݌݌݈݅ܽ݊ܿ݁ ൈ ݊݋Ǥ ݋݂ݑ݊݅ݐݏ ൈ ݈݀ܽ݅ݕݎݑ݊ݐ݅݉݁௡௜ୀଵ                                                   (1)  
When n is the number of used appliances. To avoid under-sizing, losses must be considered by taking the 
efficiency of charge controller (ηcharger) and the efficiency of inverter (ηinverter) into account, the total power 
supplied by solar cell system (Etotal) in (Wh/ day) is calculated using equation (2), 
 ܧ௧௢௧௔௟ ൌ ாఎ೔೙ೡ೐ೝ೟೐ೝǤఎ೎೓ೌೝ೒೐ೝ                                                                                                                            (2) 
Rated power of the photovoltaic arrays (Ppv) in (watt) is calculated using equation (3), 
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௣ܲ௩ ൌ ா೟೚೟ೌ೗்೘೔೙                                                                    (3) 
Tmin is minimum peak sun hours per day. The total rated current (Ipv) of the PV arrays is obtained from 
equation (4), 
ܫ௣௩ ൌ ௉೛ೡ௏೏೎                 (4) 
Vdc is nominal DC voltage of the system. Vdc is determined according to economical consideration; it may 
be 12, 24 or 48 volt, higher nominal voltage is used for system of higher power rating.  The individual 
solar modules are connected in series and parallel to satisfy the required power, the number of series 
modules (Npvs) is obtained from equation (5), 
௣ܰ௩௦ ൌ ௏೏೎௏೛ೡ                 (5) 
Vpv is the rating voltage of one PV module. Series modules are formed as a string, the number of parallel 
strings of solar module (Npvp) is obtained from equation (6), 
௣ܰ௩௣ ൌ ூ೏೎ூ೛ೡ                 (6) 
Both of Npvs and Npvp have to round off to the next higher number. The total number of modules (Npvm) 
is obtained from equation (7), 
௣ܰ௩௠ ൌ ௣ܰ௩௦Ǥ ௣ܰ௩௣                                 (7) 
4.2 Sizing of the battery: 
The required battery capacity for a PV application is determined by the autonomy and by the 
characteristics of the load; the unadjusted capacity (C) in (Ampere-hours) is calculated by equation (8), 
ܥ ൌ ாൈ஽ೌೠ೟೚೙೚೘೤௏್ೌ೟                  (8) 
Dautonomy is the number of days of autonomy. Vbat is the voltage of one battery unit, it is usually 12 volt. 
After initial battery and inverter selection, the final battery’s capacity is determined by making 
adjustments; adjusted capacity (Cadjusted) in (Ampere-hours) is evaluated by equation (9), 
ܥ௔ௗ௝௨௦௧௘ௗ ൌ ி೎ൈ஼ெ஽ை஽ൈఎ೔೙ೡ೐ೝ೟೐ೝ                                                             (9) 
Fc is correction factor to compensate the cold weather effects, average wintertime ambient temperature is 
used to obtain Fc from table (1) [11]. MDOD is maximum depth of discharge of the battery. 
Table (1) Effect of temperature on battery sizing 








According to the obtained value of required capacity, one or bank of batteries may be required. The total 
number of required batteries (Nbm) is calculated from equation (10), 
௕ܰ௠ ൌ ஼ೌ೏ೕೠೞ೟೐೏஼್                                            (10) 
Cb is the capacity of one battery in (Ampere hours). The total number of batteries has to round off to the 
next higher number. For a bank of batteries, the number of series connected batteries (Nbs) is obtained 
from equation (11), 
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௕ܰ௦ ൌ ௏೏೎௏್                                        (11) 
Vb is the voltage of one battery in volt. The Number of series batteries has to round off to the next higher 
number. Series batteries are formed as a string which is connected in parallel, the number of parallel baths 
(Nbp) is obtained from equation (12), 
௕ܰ௣ ൌ ே್೘ே್ೞ                (12) 
4.3 Sizing of charge controller 
The voltage rating of the charge controller (Vreg) has to be equal to the nominal voltage of the system         
୰ୣ୥ ൌ ୢୡ. The rating current of the charge controller have to withstand the short circuit current of the 
PV array with an appropriate safe factor, the value of rated current of the charge controller (Ireg) can be 
evaluated by equation (13), 
ܫ௥௘௚ ൌ ܫ௦௖ ൈ ௣ܰ௩௣ ൈ ܨ௦                                          (13) 
Isc is the short circuit current of one PV module and Fs is a safe factor. Selection of suitable charge 
controller is based on round off the calculated vale of rated current to the next higher available standard 
current. 
4.4  Sizing of the inverter 
The nominal input DC voltage of the inverter has to be equal the nominal DC voltage of the system 
and the output AC voltage equals to the rated voltage of the load (normally 220V, 50 Hz). The rating 
power of the inverter must be greater than maximum expected power of the load with a safe margin of 
25%. The maximum load (Pmax) is the summation of ratings of all electrical appliances may be operate at 
the same time, the rating power of the inverter (Pinv)  may be calculated by using equation (14), 
௜ܲ௡௩ ൌ ͳǤʹͷ ൈ ௠ܲ௔௫                         (14) 
Equation (14) leads to initial selection of inverter, the final inverter selection have to take the following 
constrains into account: 
x The rating of the inverter should never be lower than the PV array rating. 
x The surge rating of the inverter has to be more than the expected surge power of the load. Surge 
power of the load is estimated by the summation of ratings of all electrical appliances may be operate 
at the same time, rating of the appliances include motors have to multiplied by 3. 
x Selection of suitable inverter is based on round off the calculated vale of rated power to the next 
higher available standard power. 
 
5. The developed program  
The procedure of sizing stand-alone PV power system, described above, is formulated as software 
package; the package is developed by Visual Basic Programming language V6.0 which is one of the most 
popular programming languages over the world. The software package offers a friendly Graphic User 
Interface tool to size stand-alone PV system. This program is dedicated to design PV systems in Iraq.   
Iraq has been divided into thirteen climatic zones, the geographical and climatic information for each 
zone is stored in a database, that information includes (latitude, longitude, minimum peak sun hours, 
number of autonomy days, temperature), and there is no need to input the climatic information by the 
user, only the local area of the user is required. The climatic zone of Iraq is shown in figure (2). 
In order to enter the data of the electrical load, the program appears an input interface; the interface is 
formulated as a load sizing worksheet. The user has to specify the total daily load by fill the input boxes 
of  the worksheet. The required inputs are the power rating of each item of  the load, number of items  and 
 























Figure (2) climate zones of Iraq 
the runtime per day. The program suggests a list of the most useful electrical appliances, and that greatly 
helps the user in the selection process. Load sizing worksheet is shown in figure (3). 
The calculation is performed by the program, and the rating of all component of the PV system will 
be specified according to input data, the program will be to identify the specific model of each component 
of the PV system. A variety of models for each component of the system (like PV array, inverter, etc.) are 
determined from different manufacturers, these models with their specifications are stored in a database. 
Samples, of models, stored in the database are listed here [12], [13], [14] and [15]: 
x PV array: Hyundai PV arrays HiS-M190MF, HiS-M200MF, and HiS’s-M208MF. 
x Battery: Universal Ub12900, Ub4D and Ub8D. 
x Charge controller: Xantrex C35, Xantrex C40 and Xantrex C60. 
x Inverter: Latronics Sine Wave Inverters INV-LS3024, INV-LS4024, INV-LS2548, INV-LS5048 and 
INV-LS7048. 
The calculation is performed by the program, and the rating of all component of the PV system will 
be specified according to input data, the program will be to identify the specific model of each component 
of the PV system. A variety of models for each component of the system (like PV array, inverter, etc.) are 
determined from different manufacturers, these models with their specifications are stored in a database. 
Samples, of models, stored in the database are listed here [12], [13], [14] and [15]: 
x PV array: Hyundai PV arrays HiS-M190MF, HiS-M200MF, and HiS’s-M208MF 
x Battery: Universal Ub12900, Ub4D and Ub8D 
x Charge controller: Xantrex C35, Xantrex C40 and Xantrex C60 
x Inverter: Latronics Sine Wave Inverters INV-LS3024, INV-LS4024, INV-LS2548, INV-LS5048 and 
INV-LS7048. 




















Figure (3) Load sizing worksheet 
6. Run the program 
The program is saved as an executable file, run the program is as easy as plug and play i.e., no 
installation required. As a case study:  the selected location is a remote desert area near Al-Tharthar lake 
(34o 22’N, 42o 56’E) about 180 Km north-west of Baghdad. Location is simply determined by the user on 
the map by using the mouse. 
The selected loads is listed in figure (3), and it includes: 2×50 Watt lights with 8 hours of operation, 
3×11 Watt lights with 10 hours of operation, 1×150 watt TV set with 4 hours of operation, 1×40 Watt 
computer-laptop with 2 hours of operation, 1×475 Watt freezer with 6 hours of operation, 1×30 watt 
satellite dish with 4 hours of operation. The final design of the required PV system is shown in figure (4). 
As shown in figure (4), the results, of the design, include: tilt angle of the array, rating and number of 
the PV modules, rating and number of the batteries, number and rating of the charge controller, rating of 
the inverter. The program is tested for many cases; the results of the design for the cases study are quite in 




The geographical location of Iraq makes it a relatively sun-rich region with an annual solar irradiance 
of more than 2000 kWh.m-2. There is a great tendency for the use of stand-alone photovoltaic stations 
distributed in remote areas due to the known benefits of this source of energy. This subject needs to be 
defined for people living in these areas. Many websites and software packages proposed a procedure to 
design stand-alone photovoltaic systems. 
In this paper, the presented software package has a distinguishing feature that it can be used by those 
who do not have any engineering or technical background which helps to spread the use of the solar cell 
energy in remote areas, and that leads to significant economic, environmental, social benefits. 
 






















Figure (4) the final result of the program 
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